NGC 1808 is a nearby barred spiral galaxy which hosts young stellar clusters in a patchy circumnuclear ring with a radius of ∼ 240 pc. In order to study the gaseous and stellar kinematics and the star formation properties of the clusters, we perform seeing-limited H + Kband near-infrared integral-field spectroscopy with SINFONI of the inner ∼ 600 pc. From the M BH − σ * relation, we find a black hole mass of a few 10 7 M . We estimate the age of the young stellar clusters in the circumnuclear ring to be 10 Myr. No age gradient along the ring is visible. However, the starburst age is comparable to the travel time along the ring, indicating that the clusters almost completed a full orbit along the ring during their life time. In the central ∼ 600 pc, we find a hot molecular gas mass of ∼ 730 M which, with standard conversion factors, corresponds to a large cold molecular gas reservoir of several 10 8 M , in accordance with CO measurements from the literature. The gaseous and stellar kinematics show several deviations from pure disc motion, including a circumnuclear disc and signs of a nuclear bar potential. In addition, we confirm streaming motions on ∼ 200 pc scale that have recently been detected in CO(1-0) emission. Due to our enhanced angular resolution of < 1 , we find further streaming motion within the inner arcsecond, that have not been detected until now. Despite the flow of gas towards the centre, no signs for significant AGN activity are found. This raises the questions what determines whether the infalling gas will fuel an AGN or star formation.
Introduction
It is now well established that galaxies, at least those with a massive spheroidal component, harbour a supermassive black hole (SMBH) in their nucleus (e.g. Kormendy & Richstone 1995; Kormendy & Ho 2013) . Active galactic nuclei (AGNs) are fuelled by accretion onto the central SMBH. Tight relations between the mass of the SMBH and properties of the host galaxy (mainly its spheroidal component) are interpreted as sign for a common evolution of SMBH and host galaxy (Ferrarese & Merritt 2000; Gebhardt et al. 2000; Marconi & Hunt 2003; Häring & Rix 2004; Graham & Driver 2007; Gültekin et al. 2009; Graham 2012; Läsker et al. 2014; Savorgnan et al. 2016; Savorgnan 2016; Graham 2016) . Therefore, a full understanding of how AGNs are fuelled and what prevents other galaxies from being fuelled (and thereby being "quiescent" instead of "active") is crucial to understand the evolution of galaxies from high redshift to the Local Universe.
While in high-luminosity AGNs the onset of nuclear activity is linked to large-scale (kpc) perturbations like bars and galaxy interactions which can trigger a gas inflow (e.g. Sanders et al. 1988; Hopkins & Quataert 2010; Hilz et al. 2013 ), lowBased on observations with ESO-VLT, STS-Cologne GTO proposal ID 094.B-0009(A) and ESO archival data, proposal nos 074.A-9011(A) and 075. B-0648(A) luminosity AGNs seem to be dominated by secular evolution (e.g. Hopkins et al. 2008; Hopkins & Quataert 2010; Kormendy et al. 2011) . Possible feeding mechanisms are bars, secondary/nuclear bars, m = 1 instabilites, warps, nuclear spirals, stellar winds (García-Burillo et al. 2005; García-Burillo & Combes 2012 , and references therein), and cover a large range of scales from host galaxy ( 1 kpc) to nuclear scales ( pc). A further difficulty is caused by the different time-scales of star formation and AGN activity, in particular the fact that even during a total AGN duty cycle of 10 8 yr, the AGN might "flicker" on much lower time scales of 10 5 yr (e.g. Hickox et al. 2014; Schawinski et al. 2015) .
The NUGA survey (NUclei of GAlaxies) was established to systematically investigate the issue of nuclear fuelling for nearby galaxies. NUGA started off as an IRAM key project (PIs: Santiago García-Burillo and Françoise Combes; see García-Burillo et al. 2003) on the northern hemisphere and is continued now on the southern hemisphere with the Atacama Large Millimeter/submillimeter Array (ALMA) as the millimetric investigations can prospectively be performed with a superior angular resolution and sensitivity (Combes et al. 2013 García-Burillo et al. 2014) . NUGA comprises a sample of 30 nearby AGNs covering all stages of nuclear activity (Seyferts -LINERs -starbursts). The combined datasets allow a first systematic A&A proofs: manuscript no. ngc1808 study of gas kinematics covering scales from a few tens parsec to the outer few tens kiloparsec.
Complementary integral-field spectroscopy (IFS) data are taken in the near-infrared (see e.g. the cases of NGC1433 and NGC1566; Smajić et al. 2014 Smajić et al. , 2015 . With the NIR data we can include information on the hot molecular and atomic gas and their excitation mechanisms (e.g. Zuther et al. 2007; Mazzalay et al. 2013; Smajić et al. 2014) , as well as properties of the central engine (in particular black hole mass and hidden broad line region, see case of NGC 7172 in Smajić et al. 2012) . Furthermore IFS in the NIR is the ideal tool to study stellar populations and star formation in (dust-obscured) centres of galaxies (e.g. Böker et al. 2008; Riffel et al. 2009; Bedregal et al. 2009; Valencia-S. et al. 2012; Falcón-Barroso et al. 2014; Busch et al. 2015; Smajić et al. 2015) . IFS also allows finding kinematically decoupled regions like nuclear discs and spatially resolving inflows and outflows in many galaxies (e.g. Riffel et al. 2008; Storchi-Bergmann et al. 2010; Müller-Sánchez et al. 2011; Scharwächter et al. 2013; Davies et al. 2014a; Riffel et al. 2015b; Diniz et al. 2015) .
In this paper, we present near-infrared integral-field spectroscopy of the galaxy NGC 1808 from the NUGA sample which is a (R)SAB(s)a barred spiral galaxy (de Vaucouleurs et al. 1991) . NGC 1808 has been early reported to contain "hotspots" near the galaxy nucleus (Morgan 1958; Sérsic & Pastoriza 1965; Pastoriza 1975) . These hotspots are mainly prominent in radio and/or near+mid-infrared emission and trace young stellar clusters and their associated supernova remnants (Forbes et al. 1992; Collison et al. 1994; Krabbe et al. 1994; Kotilainen et al. 1996; Tacconi-Garman et al. 1996; Galliano et al. 2005; Galliano & Alloin 2008) . The near-infrared spots are located in a circumnuclear ring with radius r ∼ 280 pc (Comerón et al. 2010) . Some authors have reported that the galaxy contains a weak AGN (following the classification of Veron-Cetty & Veron 1985) , however, others disagree (e.g. Forbes et al. 1992; Phillips 1993; Krabbe et al. 2001; Dopita et al. 2015) . We discuss the possible presence of an AGN in Sect. 4.6.
Prominent dust lanes on kiloparsec scales (pointing from the nucleus in north-east direction) that are visible in optical images and peculiar motions of H i are interpreted as indications for an outflow of neutral and ionised gas (Phillips 1993; Koribalski et al. 1993) . A possible tidal interaction with NGC 1792 has been discussed (Dahlem et al. 1990; Koribalski et al. 1993) .
NGC 1808 has recently been mapped in 12 CO (J = 1 − 0) by Salak et al. (2016) at a resolution of 2 (∼ 100 pc). In the centre, they find a compact circumnuclear disc (r < 200 pc) and a molecular gas ring with radius r ∼ 500 pc. Analysing the gas kinematics, they find several components of non-circular motion: a spiral pattern in the inner disc (r < 400 pc) and gas streaming motion on the inner side of one spiral arm, as well as a molecular gas outflow from the nuclear starburst region (r < 250 pc) which is spatially coincident with one of the mentioned dust lanes. This paper presents a first comprehensive near-infrared IFS study of the central kpc of NGC 1808 . In comparison to previous studies of the emission line distribution, our data has higher spatial resolution ( 1 ) and much higher sensitivity so that we can trace the morphology in great detail. The combination of a high spectral coverage (1.45 − 2.45 µm for the H + K-band grating) and high spectral resolution (R = 4000 for the K-band grating) allows us to get detailled maps of stellar and gaseous kinematics and study diagnostic line ratios in a spatially resolved way. Only with instruments like SINFONI, we can study combined kine- (Ho et al. 2011). matical information and excitation mechanisms from a single, homogeneous data set. Figure 1 shows an optical image of NGC 1808, with the FOV of the SINFONI near-infrared integral-field spectroscopy data which is analysed in detail in this paper, indicated. Figure 3 shows a HST false-colour image of the central region.
The paper is structured as follows: In Sect. 2 we present the observations used for this analysis. In Sect. 3 we present the results of the analysis of the SINFONI data cubes (in particular emission line maps as well as stellar and gaseous kinematics), that we then discuss with regard to previous results from the literature in the following Sect. 4. Section 5 gives a short summary and conclusions from this work.
In order to calculate spatial scales and luminosities, we adopt a luminosity distance of D L = (12.8±1.2) Mpc (Tully et al. 2009 ) which corresponds to a scale of 62 pc arcsec −1 .
Observations and data reduction

SINFONI near-infrared integral-field spectroscopy
The analysis of NGC 1808 in this paper is based on near-infrared integral-field spectroscopy data obtained with SINFONI (Eisenhauer et al. 2003; Bonnet et al. 2004 ) at the Very Large Telescope (VLT) of the European Southern Observatory (ESO) in Chile. We observed the central region of NGC 1808 in seeinglimited mode on October 6th, 2014. The field-of-view (FOV) of single exposures in this mode is 8 × 8 which results in a spatial sampling of 0.125 arcsec pixel −1 . We used a jitter pattern with offsets ±1 to minimize the effect of bad pixels and increase the FOV of the combined cube to 10 × 10 (which corresponds to a linear scale of 620 pc). We spent 1500s (10 × 150s) onsource time using the H + K grating with a spectral resolution of R ≈ 1500. This grating has a large simultaneous wavelength coverage which is useful for analysis of emission line ratios. Furthermore, we spent 3000s (20 × 150s) on-source time using the • , measured from north to east), while the dashed line marks the line-of-nodes of the stellar kinematics (Sect. 4.1).
K-band grating which results in a higher spectral resolution of R ≈ 4000 which is ideal to analyse the stellar dynamics.
Furthermore, we use seeing-limited (FOV: 8 × 8 ) SIN-FONI J-band data from the ESO-archive (proposal nos. 074.A-9011(A) and 075.B-0648(A)) that have a total on-source exposure time of 1200s. This data are needed to determine the extinction by using the line ratio between the hydrogen emission lines Brγ in the K-band and Paβ in the J-band.
The pipeline which is delivered by ESO was used for data reduction up to single-exposure-cube reconstruction. For alignment, final coaddition, and telluric correction, we use our own Python and Idl routines. For a more detailed description of the reduction and calibration, we refer the reader to Busch et al. (2015) and Smajić et al. (2014) . Figure 2 shows a K-band continuum image that was extracted from the SINFONI data cube.
Hubble Space Telescope imaging data
We retrieved an image of the central region of NGC 1808 from the Hubble Legacy Archive 1 . The images were taken with the Wide Field and Planety Camera 2 of the Hubble Space Telescope in the F814W, F675W, and F658N filter. The observations took place in August 1998 (proposal ID 6872, PI: James Flood). In Fig. 3 , we show a RGB composition of these images (red: F814W, green: F675W, blue: F658N) and indicate the apertures of the spots that we analyse in detail.
Results
Emission-line flux distributions
The NIR emission-lines trace the hot molecular and ionised atomic gas phase. This gas is predominantly associated with the sites of young star formation (H ii regions, shocks, hot surfaces of molecular clouds) or non-thermal nuclear activity (nuclear ionisation, winds and shock regions). The data cubes show a large variety of emission lines, including several hydrogen recombination lines (that trace fully ionised regions), molecular hydrogen lines, and the shock tracer [Fe ii] (that traces partially ionised regions), as well as stellar absorption lines.
We use the Python implementation of Mpfitexpr which is based on the Levenberg-Marquardt algorithm (Markwardt 2009; Moré 1978) to generate maps of the emission-line flux distributions. The line fluxes were determined by fitting a Gaussian function to the line profile. The continuum was subtracted by fitting a linear function to the continuum emission in two spectral windows, left and right from the emission line. The emissionline maps are clipped to have a uncertainties less than 30%.
In Fig. 4 , we show the maps of Paα, H 2 λ2.12 µm, and the Hband emission-line [Fe ii] at 1.644 µm which we analyse in the following.
All three mapped gas types (Paα, H 2 λ2.122 µm, [Fe ii]) have their absolute peak in the centre, coinciding with the peak of the continuum flux, which is marked by a cross. Apart from this they show quite different flux distributions:
Ionised gas as traced by the hydrogen recombination lines Paα and Brγ is located in a ring around the centre which has a radius of ∼ 4 (≈ 240 pc) 2 . With our high spatial-resolution data, we confirm the asymmetry mentioned by Krabbe et al. (1994) and Kotilainen et al. (1996) : The patches to the south-east show higher flux levels compared to the west side. Furthermore, there seem to be several gaps in the ring, the largest in the north-west, that give the ring an overall patchy structure. We stress that also in the region between ring and nucleus, Paα and Brγ are detected but at a lower intensity than in the ring. A tail-like structure in the south-east is visible in the maps of Kotilainen et al. (1996) (that have a FOV of 20 × 20 but lower angular resolution) and Collison et al. (1994) as printed in Kotilainen et al. (1996) . The molecular hydrogen shows a more centrally concentrated distribution that is different from the distribution of ionised hydrogen and the shock tracer [Fe ii] which show emission in the centre but also in a circumnuclear ring with radius 4 ≈ 240 pc.
is probably part of gas spiral arms that can often be seen on kpc scales (see e.g. Busch et al. 2015) .
In the emission of hot molecular hydrogen (traced by the H 2 λ2.12 µm emission line) the circumnuclear ring, found in Paα and Brγ, is less prominent. Some of the patches in the ring show an enhanced flux level also in H 2 but the contrast between ring and interring region is much lower in H 2 than in Paα. Furthermore, we find that the flux in the center is more extended than in Paα. To quantify this finding, we fit a Gaussian to the central peak. For H 2 , the FWHM is 1 . 3, but only 0 . 9 for Paα. Furthermore, we note that we find strong H 2 flux between ring and nucleus in eastern direction (marked with "I2" in Fig. 4) .
At first glance, the flux distribution of [Fe ii] looks very similar to that of Paα and Brγ, i.e. it also shows a prominent circumnuclear ring. However two differences are striking: First, some Paα patches show much lower flux level in [Fe ii] compared to the others. We will use this to estimate starburst ages. Second, the [Fe ii] shows strong emission in the southeast side of the ring (marked with "S" in Fig. 4 ) that does not coincide with a Paα and Brγ peak. We will analyse this region in more detail later.
In order to analyse the excitation properties, star formation, and more in the nucleus (N), ring (R1 to R7), and in between (I1, I2, and S), we chose eleven apertures that are marked in Figs. 3 and 4. We extract spectra from circular apertures with radii r = 0 . 75. The spectra are shown in Fig. 5 .
Before we measure the emission lines, we perform a subtraction of the stellar continuum with the Python implementation of the Penalized Pixel-Fitting method (pPXF, Cappellari & Emsellem 2004 ). We use a set of synthetic model spectra by Lançon et al. (2007) with solar abundances, an effective temperature range T eff = 2900 − 5900 K, gravities of log(g/cm s −2 ) = [−1.0, −0.5, 0.0, +1.0], and masses 1 M and 15 M . The modelled stellar continuum is shown in Fig. 5 in red. We then subtract these models from the original spectra and use the residual for the emission line fits.
For the emission line fits, we use the Python implementation of Mpfitexpr which is based on the Levenberg-Marquardt algorithm (Markwardt 2009; Moré 1978) . All emission lines are fitted with Gaussian functions. In order to estimate the uncertainties of the parameters, we perform a Monte Carlo simulation with 100 iterations. In each iteration Gaussian noise is added to the input spectrum, with the width corresponding to the rootmean-square of the residual spectrum (input spectrum -fit). We then take the mean of the 100 fit results as best fit and the standard deviations as uncertainties of the fit parameter (see also Busch et al. 2016 ). The measured line fluxes are presented in Tables 1 and 2 .
Emission-line ratios
In the following section, we calculate and map emission-line ratios. Emission line ratios allow us to trace the extinction and the UV radiation field of the ISM as well as possible shocks.
Extinction correction
Especially in the case of AGNs and starburst galaxies, reddening induced by dust can significantly affect the measured emission line fluxes. Near-infrared observations have the advantage that this effect is much less prominent than in the optical (extinction is lower by approximately a factor of 10 in magnitude). Therefore observations, e.g. of the Galactic Centre or dust enshrouded galactic nuclei (see e.g. Smajić et al. 2012) , are often only feasible when going from optical to longer near-infrared wavelengths. However, even in the near-infrared, extinction effects can still be significant and should therefore be corrected.
Emission-line fluxes can be corrected following the relation F intr = F obs × 10 0.4×A(λ) between observed flux F obs and intrinsic flux F intr . We use the extinction law by Calzetti et al. (2000) to get an expression for the extinction at wavelength λ (in µm):
with R V = 4.05 and visual extinction A V . The internal gas extinction can now be estimated by comparing the observed flux ratio of two hydrogen recombination lines [FeII] (in our case we use Paβ and Brγ) with the theoretical ratio between these two lines. For a case B recombination scenario with a typical electron density of n e = 10 4 cm −3 and a temperature of 10 4 K this ratio is Paβ/Brγ=5.89 (Osterbrock & Ferland 2006 ). The visual extinction is then given by
Since the J-band data cube does not include the region around aperture R7, we cannot determine the extinction in this aperture. For all other apertures, we list the visual extinction A V in Table 1 . The derived values of A V range from around 1.5 to 3.3 and are therefore a bit lower than but still consistent with the typical values from previous studies (Krabbe et al. 1994; Kotilainen et al. 1996; Rosenberg et al. 2012 ) that range from 2.5 to 5.
In the left-hand panel of Fig. 6 , we present the extinction map (A V in mag) derived from the Paβ/Brγ ratio as explained above. We see that the extinction in the nucleus and in some of the spots along the ring is quite high, ranging from a few up to 5 mag, indicating that they might be dust-enshrouded starbursts. Furthermore, there are two regions ("I1" south from the nucleus 3.00 ± 0.17 1.09 ± 0.13 2.39 ± 0.09 0.91 ± 0.12 0.50 ± 0.12 20 6 − 32 3.47 R3
3.14 ± 0.12 1.27 ± 0.14 2.81 ± 0.10 1.05 ± 0.08 0.61 ± 0.12 23 7 − 37 3.54 and the region north of the nucleus) that show enhanced extinction of about 3 mag. The extinction map is consistent with the H − K colour map and the optical HST image (Fig. 6, middle and right panel) , that is dusty regions (e.g. between R2 and R3, and from R5 to R6 and R7) show higher extinction.
Diagnostic line ratios
In the left panel of Fig. 7 , we show a map of the line ratio log([Fe ii]/Brγ) that can be used to analyse the [Fe ii] excitation mechanism. In this and the next plot, we also show the 3.6cm radio-continuum image of Collison et al. (1994) (taken from Kotilainen et al. 1996) as contours. Low values in the line ratio log([Fe ii]/Brγ) in the circumnuclear ring (spots R1-R7) are typical for starbursts. On the other hand, in the regions S and I1-2, as well as the region to the north-west of the FOV shocks could be present, since they show rather high values. Both, the suspected star formation regions with low line ratios as well as the suspectedly shocked regions with high line ratios, also show high radio-continuum fluxes.
In the right-hand panel, we show a map of the line ratio log(H 2 λ2.12 µm/Brγ). In the ring, we find very low ratios down to -0.6, that are indicative for starbursts. In the nuclear region however, we find values that are consistent with AGN excitation. On the western side, between nucleus and ring, high line ratios that are indicative for shock excitation, are found.
Stellar kinematics
In order to trace the stellar kinematics, that is the stellar line-ofsight velocity (LOSV) and the stellar velocity dispersion (σ * ), we fit the region containing the CO band heads at around 2.3 µm. Since stellar absorption features generally show a lower signalto-noise (S/N) compared to strong emission lines which we plot emission line flux maps of below, we need to bin the data. Only then, we reach sufficient S/N in all parts of the FOV for a reliable fit. The Voronoi binning method is an adaptive smoothing algorithm which bins the data to a constant S/N while preserving optimal spatial resolution. We use the DPUSER 3 implementation of the code originally provided by Cappellari & Copin (2003) .
For the fit, we use the penalized Pixel-Fitting method (pPXF, Cappellari & Emsellem 2004) . As stellar template spectra, we take the Gemini Spectral Library of Near-IR Late-Type Stellar Templates ) which consists of 29 giant and supergiant stars with spectral classes from F7III to M3III that .12 µm/Brγ). The nucleus is denoted by a cross. We overlay the contours of the 3.6cm radio-continuum image.
have been observed with the IFU of the GEMINI integral-field spectrograph GNIRS.
A map of the stellar velocity dispersion is presented in Fig. 8 . It shows values from around 60 km s −1 to 110 km s −1 . The centre shows a "dip" with a lower velocity dispersion of only around 60 km s −1 . Furthermore, the map shows a ring-like structure with lower velocity dispersion of around 70 km s −1 . This ringstructure has a radius of about 4 (≈ 240 pc). Assuming intrinsic circular shape, we get an inclination of i = 50
• − 60
• from the eccentricity.
The stellar velocity field is shown in the left panel of Fig. 9 . It shows a clear rotation pattern with redshift to the north-west and blueshift to the south-east. Maximum velocities are of the order of 100 − 120 km s −1 . Assuming that the spiral arms seen in the optical images in Figs. 1 and 3 are trailing, the near side of the disc is in the south-west. The iso-velocity lines show an S-shape that is indicative for a disturbance of the velocity field, e.g. by a nuclear bar. This feature will be discussed below.
Gas kinematics
The gas kinematics gives insight into the overall dynamics of the host galaxy in comparison to the stellar kinematics. In addition the gas kinematics allows us to find and study zones of enhanced activity (due to the nucleus or due to star formation) via regions of enhanced velocity dispersion or excitation. The fit routine that we use in Sect. 3.1 to derive the emissionline flux distributions also delivers central positions and widths of the emission-line fits from which we can derive the line-ofsight velocity (LOSV) and velocity dispersion (σ).
In maps for Brγ and H 2 λ2.12 µm have been derived from the Kband cube that has higher spectral resolution, whereas the [Fe ii] map has been derived from the H+K-cube (but we use the H+K-data to cross-check the maps derived from K-band cubes). All velocity maps show redshifts to the north-west and blueshift to the south-east, in accordance with the stellar kinematics. However, the velocity fields of the gas show more pronounced Sshaped zero-velocity contours than the stellar field. Furthermore, the strong velocity gradient to the north-west from the nucleus is striking. While the Brγ and the [Fe ii] velocity fields are rather similar, the H 2 field differs from those: The centre shows a redshift of around 40 km s −1 (after subtraction of the systemic velocity) and shows redshifted gas in elongated features reaching from the west to the nucleus as well as an elongated feature along the north-west to south-east axis, around 3 south from the nucleus. These features will be discussed in a later Section.
In Fig. 11 , we show the velocity dispersion fields for the same emission lines. The maps have been corrected for the instrumental broadening (33 km s −1 for the K-band maps Brγ and H 2 λ2.12 µm, 97 km s −1 for the H + K-band map [Fe ii] λ1.644 µm). In Brγ, the velocity dispersion shows maximum values of ∼ 100 km s −1 at around 0 . 9 to the east and west of the nucleus. In the centre, the velocity dispersion drops down to ∼ 80 km s −1 . The molecular hydrogen line H 2 λ2.12 µm shows the maximum velocity dispersion values of ∼ 80 km s −1 in a ring-like shape, with a connection to the centre. This structure lies inside the circumnuclear star forming ring which is visible in Brγ and Paα emission. The highest values are seen in a region to the south-east of the centre, between spots I1 and S with values of ∼ 100 km s −1 . The velocity dispersion of [Fe ii] λ1.644 µm peaks close to the centre (∼ 0 . 7 to the east) with values of ∼ 110 km s −1 . Another peak is seen in the region where also the velocity dispersion of the H 2 λ2.12 µm line peaks, between the spots I1 and S (∼ 70 km s −1 ). Further regions with enhanced velocity dispersion are between the spots R6 and R7, as well as outside the mentioned Brγ ring, to the east side, particularly in the north-east. However, these regions are at the edges of the field-of-view and the signal-to-noise is therefore much lower. Interestingly, we find that the velocity dispersion in the star formation ring and the radio hot spots is relatively low, indicating that the gas in these regions is rather undisturbed.
Discussion
Stellar kinematics
The stellar velocity field, as presented in the left panel of Fig. 9 , suggests rotation. Assuming circular orbits, we fit a Plummer gravitational potential, in which the velocity distribution is given by:
where v s is the systemic velocity, R and Ψ are the cylindric coordinates of each pixel in the projected plane of the sky, G is the gravitational constant, M is the mass inside R, A is the projected scale length of the disc, i is the inclination of the disc, and Ψ 0 is the position angle of the line-of-nodes (e.g. Barbosa et al. 2006; Smajić et al. 2015) . The inclination based on the D25 diameter in the blue band is i = 53
• (de Vaucouleurs et al. 1991 , from NED database). Based on the HST optical data in the center, we estimate an inclination of i ≈ 52
• . In the fit, we fix the inclination to the latter value to lower the number of free parameters.
The position angle of the line-of-nodes Ψ = (128 ± 1)
• is lower than the photometric position angle 133
• (de Vaucouleurs et al. 1991, from NED database). All parameters have typical values for nearby galaxies, e.g. compared to the galaxies analysed in Barbosa et al. (2006) . The systemic velocity v s = (1056.8 ± 0.4) km s −1 is slightly higher than 995 km s
derived from H i measurements (Koribalski et al. 2004 ). We subtract the systemic velocity from the line-of-sight velocity maps of gas and stars in Figs. 8 and 10. The stellar velocity field in Fig. 9 shows a clear deviation from pure rotation. When subtracting the rotating disc model from the stellar velocity field, we find systematic residuals that are indicated with white boxes. On scales of ∼ 3 , we see peaks in redshift in the south-west and in blueshift in the north-east. These structures occur because the S-shaped zero-velocity line is not included in the simple rotational model. S-shaped zerovelocity lines are a well-known signature for non-circular velocity fields (e.g. Combes et al. 2004; Emsellem et al. 2006; , that are disturbed e.g. by a bar potential (the position of the nuclear bar is indicated in the K-band continuum image in Fig. 2) .
Central drops in the velocity dispersion can indicate decoupled dynamics in the nucleus, e.g. by a nuclear disc. Falcón- . Line-of-sight velocity maps of ionised gas (Brγ), molecular gas (H 2 λ2.12 µm), and partially ionised gas ([Fe ii] λ1.644 µm). The cross denotes the center, i.e. the peak of the continuum emission. In the H 2 LOSV-map, two elongated features are marked with dashed black ellipses. . Velocity dispersion maps of ionised gas (Brγ), molecular gas (H 2 λ2.12 µm), and partially ionised gas ([Fe ii] λ1.644 µm). The cross denotes the center, i.e. the peak of the continuum emission. In the map of molecular hydrogen, we overlay the radio contours. Barroso et al. (2006) find that a significant fraction of spiral galaxies in the SAURON survey show this feature and kinematically decoupled components are actually a common phenomenon. A central σ-drop in NGC 1808 was found by Emsellem et al. (2001) in ISAAC-longslit spectra and is the first time visible in its full two-dimensional extent in our maps (Fig. 8) . The most likely scenario, supported by numerical simulations and model calculations, is that these velocity drops are produced by young stars that form from cold gas with low velocity dispersion compared to the underlying old stellar population. Since they are more massive and brighter than the old stars, they will dominate the observed kinematics at near-infrared wavelengths (Emsellem et al. 2001; Wozniak et al. 2003; Comerón et al. 2008 ). This scenario is indeed consistent with our observations of young stellar clusters in the centre (see in particular Sect. 4.3.1 and 4.5.1). In addition to the central σ-drop, the circumnuclear ring (particularly the apertures R2-R5) show a lower velocity dispersion than the surroundings. This is indicative for younger stellar population in these regions (e.g. Mazzalay et al. 2014) .
Tight relations between the stellar velocity dispersion of the bulge and the mass of the central black hole have been found and interpreted in the context of galaxy evolution (Ferrarese & Merritt 2000; Gebhardt et al. 2000) . Here, we use the stellar velocity dispersion σ * to get a rough estimate of the mass of the central black hole. Running Ppxf on the spectrum integrated over an aperture of r = 4 (using the settings described in Sect. 3.3), we obtain σ * = (105 ± 5) km s −1 . This value is lower than the value in the HyperLeda database 4 σ * = (141.3 ± 8.7) km s
and the values derived from fitting the CaT by Garcia-Rissmann et al. (2005) , σ * = (119 ± 6) km s −1 using direct fitting method and σ * = (129 ± 4) km s −1 using cross-correlation method. However, Riffel et al. (2015a) find a a systematic lower σ * for spiral galaxies when measured at the K-band CO band heads (σ CO ), compared to optical measurements (σ opt ). Using their best fit, we find that our measurement corresponds to σ opt ≈ 135 km s −1 which is consistent with the optical measurements. Since most M BH − σ * relations in the literature are based on optical measurements, we use the latter value for the black hole mass estimates. Applying different relations, we get the following estimates: log(M BH /M ) = 7.7 (Kormendy & Ho 2013) , log(M BH /M ) = 7.4 (Gültekin et al. 2009 ), log(M BH /M ) = 7.3 and log(M BH /M ) = 7.0 (Graham & Scott 2013 , using the relation for non-barred or barred galaxies respectively). The difference between the values seems large but is within the scatter of the BH mass -host scaling relations (which is between 0.29 and 0.44 dex for the cited relations). We conclude that the black hole mass is of the order of a few 10 7 M . However, two caveats have to be kept in mind: First, due to the complicated σ structure, in particular the central σ-drop, it is not completely clear which value is representative for the bulge's stellar velocity dispersion. One could argue that the central pixels have to be excluded due to their decoupled kinematics. However, the extent of the structure is relatively small and does not significantly affect the (luminosity weighted) average. Second, central drops in the stellar velocity dispersion as well as the dusty structure in the centre (see Fig. 3 and Fig. 6 ) are commonly seen as indicative of a pseudobulge structure that is the result of secular evolution (e.g. Fisher & Drory 2016) . It is under discussion whether pseudobulges follow M BH -host correlations (Kormendy et al. 2011 ) which would put into question our black hole mass estimates.
Gaseous kinematics
The velocity fields of the gas in the central 200 pc show more obvious deviations from pure rotation than the stellar velocity field (see Fig. 10 ). In particular, a strong S-shaped zero-velocity line is striking. A likely explanation for this feature are non-circular motions, such as oval flows, secondary bars, or warps, with their axis not parallel to the symmetry axes of the large-scale velocity field (e.g. Maciejewski et al. 2002; Mazzalay et al. 2014; Davies et al. 2014a ). To subtract the regular velocity field, we performed the same fits as in Sect. 4.1. We notice that the gas velocity fields have a slightly higher redshift than the stars and furthermore, the scale length is smaller, which means that the gas is more centrally concentrated, particularly the [Fe ii] emission. Despite the clear twist in the centres, the position angles of the line-of-nodes of gas and stellar velocity fields agree on larger scales (within a few degrees) which shows that the velocity fields are aligned. To better compare stellar and gaseous kinematics, we then fix most of the parameters (centre, inclination, position angle) to the results of the stellar fit. In Fig. 12 , we show the resulting model and the residual based on the H 2 kinematics. The deviations from circular motions visible in the residua show similar structures and most important the same sign (though not the same amplitude) which indicates that they are produced by the same phenomenon (probably non-circular motions due to the bar which are amplified in the gas compared to the stars).
Inflow or outflow?
In the following we compare stellar and gaseous kinematics. It is known that in many galaxies the rotation velocity of gas has a higher amplitude than that of the stars. This comes from the fact that a significant fraction of the kinetic energy of the stars can go into random motions (velocity dispersion), while gas is more confined to the galaxy plane. We therefore compare the rotation curve (Fig. 13 ) of gas and stars. We find that in the south-east, the rotation curves do not show the aforementioned behaviour but are well aligned. In the north-west, two bumps are seen that coincide with features in the residuals. At the radius of the ring with high stellar velocity dispersion (see Fig. 8 ), the velocities are very similar. This is contrary to the expectation that the difference between gas and stellar velocity should be largest where the stellar velocity dispersion is largest. We suspect that the velocity amplitudes are not very different in this case due to the fact that the overall stellar velocity dispersion of the central component is quite low, probably due to the presence of a pseudobulge. In this case the kinematics of the stars in the centre would be dominated by rotation and not velocity dispersion (which would be the case in "classical" bulges).
We also add the rotation curve of the cold gas that Salak et al. (2016) derive from their CO measurements 5 . The rotation curves 5 The data points are derived from their rotational model, not the observed data, and listed in their Fig. 13 . LOSV cut from south-east to north-west along the line-of-node. The rotation curves of stars and hot molecular gas are derived from the SINFONI data. Data points for cold gas (CO) are added from Salak et al. (2016) .
show a comparable degree of rotation. In the south-east, where the rotation curves deviate most, there are also residuals of the order of +50 km s −1 visible in their residual (their Fig. 29d ). We conclude that hot and cold gas, as well as stars all show a very similar degree of rotation and therefore a simple residual map, which we obtain by subtracting the stellar velocity field from the velocity fields of Brγ and H 2 (Fig. 14, left and middle panel), can give us an estimate of the non-rotational motions in the gas velocity fields.
The first prominent feature is a residual redshift around 3 to the south-west that shows a partial ring structure (marked with the dashed lines in Fig. 14) . We note that this feature does not coincide with the star-formation ring but resembles the region inside this ring. In the line-ratio maps (Fig. 7) this region shows high [Fe ii]/Brγ and H 2 /Brγ line rations which could indicate shocks by inflowing gas. In their 12 CO(J = 1 − 0) map, tracing the cold molecular gas, Salak et al. (2016) find a spatially coincident streaming motion inside the gaseous nuclear spiral arm with a magnitude of ∼ 50 km s −1 , which is fully consistent with our measurement, indicating that we trace the same motion in warm and cold molecular gas.
The second prominent feature is the nuclear two-arm spiral structure in the central 100 pc (marked with solid lines) that is only detectable in our near-infrared data due to the higher spatial resolution of < 1 (∼ 50 pc). Assuming that they are located within the disc plane and that the near side of the disc is in the south-west (see Sect. 3.3), we conclude that the residual spiral arms could correspond to streaming motions towards the centre. Comparing to the optical HST F614W map (Fig. 14, right panel) , we see that the possible inflow motions coincide with dust features. Davies et al. (2014a) find that these chaotic circumnuclear dust structures are typically associated with external accretion in groups of galaxies.
To quantify the amount of cold gas that follows these streams and calculate the resulting gravity torques (e.g. García-Burillo et al. 2005) , upcoming high-angular resolution sub-mm observations with ALMA will be helpful.
The velocity dispersion of [Fe ii] shows enhanced values in the central region (Fig. 11) . This is likely caused by shocks due to supernova of an aging starburst. There is no indication for a HST WFPC2-PC F814W jet that could be responsible for the shock. Furthermore, the velocity dispersion is enhanced in the region S and all the way to the centre, that is where the residual line-of-sight velocity of H 2 (Fig. 14) shows high redshifts. A possible explanation is that inflowing molecular gas shocks the interstellar medium, resulting in a higher flux level and velocity dispersion in the [Fe ii] emission line. In addition to the aforementioned features on 100 pc scales, a possible outflow or superwind in NGC 1808 on kpc scale has been discussed for long time. Dust lanes detected in optical images indicate the presence of a gas outflow (Phillips 1993) . This is supported by the detection of forbidden line (
) emission and high [N ii]/Hα line ratios, indicative for shocked gas, at the base of the suspected outflow, 1 kpc north-east of the centre (Sharp & Bland-Hawthorn 2010) . Salak et al. (2016) measure high velocity dispersion in this region and can even separate the CO emission lines in two components with a separation of 100 km s −1 . They further subtract a rotating disc model from the gas velocity field, resulting in blueshifted emission. Assuming an outflow perpendicular to the disc, the blueshifted velocity translates into a deprojected outflow velocity of ∼ 180 km s −1 . On the other hand, assuming motions within the plane of the disc, the blueshifted emission would correspond to an inflow with ∼ 120 km s −1 which is similar to the rotational velocity. This is rather unlikely and therefore the authors favour the outflow scenario.
Since our field-of-view covers only the central 10 × 10 , we have only limited information about the suspected outflow region. Consistent with the mentioned previous observations, we find increased velocity dispersion of H 2 emission lines in the north-east corner (Fig. 11 , ∼ 200 km s −1 compared to ∼ 100 km s −1 in the star forming ring). However, we cannot separate two components with the available spectral resolution. Furthermore, the line ratios of H 2 /Brγ and [Fe ii]/Brγ have high values in this region, which is indicative for shocked gas. Unfortunately, this region is at the edge of our FOV and has low signal-to-noise. Further near-infrared integral-field spectroscopy focused on the suspected outflow region are desirable.
Besides this, based on our near-infrared data, we do not detect clear indications of this outflow in the central region (|r| 5 ≈ 300 pc), which raises the question where exactly the outflow starts and what the driver is.
Gaseous excitation
NIR diagnostic diagram
Diagnostic diagrams use line ratios of diagnostic lines to determine the dominating excitation mechanisms of the line-emitting gas. They are a very useful tool in the optical where they have first been established (e.g. Baldwin et al. 1981; Kewley et al. 2001; Kauffmann et al. 2003; Schawinski et al. 2007; Bremer et al. 2013; Davies et al. 2014b; Vitale et al. 2015) .
The success of diagnostic diagrams in the optical motivated the search for similar tools in the near-infrared. Here, line ratios between star formation tracers (such as Paα, Paβ, Brγ) and shock tracers (such as different emission lines of H 2 or [Fe ii]) are used to find the dominating source of excitation. (Mouri et al. 1993; Goodrich et al. 1994; Alonso-Herrero et al. 1997; Rodríguez-Ardila et al. 2004 Riffel et al. 2013) .
A two-dimensional diagnostic diagram in the near-infrared was introduced by Larkin et al. (1998) and further developed by Rodríguez-Ardila et al. (2004 and Riffel et al. (2013) . They show that there is a transition from purely ionising radiation (starbursts) to pure supernova-driven shock excitation. AGNs are usually located in an intermediate region. Instead of single spectra per galaxy, Colina et al. (2015) use integral-field spectroscopy to spatially separate line emitting regions and place them in the diagram. By this method, they can find the typical locations of young star forming regions, older supernova dominated regions and the compact AGN dominated region, and show that they occupy different areas in the line-ratio space.
We show the near-infrared diagnostic diagram in Fig. 15 . It uses the line ratios H 2 λ2.12 µm/Brγ and [Fe ii]λ1.644 µm/Brγ. The line ratio between the H-band [Fe ii] and the K-band Brγ line is corrected for extinction because at a typical extinction of A V = 5 the factor is already ≈ 1.6. However, we did not correct the ratio between H 2 λ2.12 µm and Brγ since they are close in wavelength and the correction factor would be only 1.03. This means the introduced errors due to the uncertainty of the extinction value would be much larger than the actual correction. Therefore, we do not correct line ratios between lines that are both in the K-band.
Placing the line ratios of our apertures in the diagram, we first note that all spots in the circumnuclear ring ("R") are located in the region of young star formation. In particular, the spots R4-6 are at even lower ratios than the others, which is an indication for younger starbursts (which emit more Brγ and show less supernovae). This is also visible in the line ratio maps in Fig. 7 where these spots clearly form a ring with particularly low values. The other spots have higher line ratios which shifts them in the region of (older) SNe-dominated stellar populations or the compact AGN region. This indicates that their stellar populations are significantly older than those in the circumnuclear ring. Furthermore, their line ratios are typical for AGN. This, however shows the limitation of the near-infrared diagnostic diagram: There is no confined location for AGN (in contrast to the optical BPT-diagram). Therefore, the position of the spots S, N, and I1-2 in the intermediate region just tells us that they show contributions from both shocks and photoionisation, but not necessarily induced by an AGN.
Excitation of molecular hydrogen
Rotational-vibrational transitions are an important cooling channel for molecular gas at temperatures of a few 1000 K. Molecular hydrogen emission lines in the near-infrared are excited by either thermal or non-thermal processes: Thermal processes include the heating of gas by shocks (Hollenbach & McKee 1989 ), e.g. due nuclear region ring region shock region inter-ring region Fig. 15 . Near-infrared diagnostic diagram with the line ratios log(H 2 λ2.12 µm/Brγ) vs. log([Fe ii]λ1.644 µm/Brγ). The contours are from Colina et al. (2015) and denote the regions dominated by young star formation, supernovae, and the compact AGN. Solid lines are upper limits for young star-forming regions and AGN from the same study (based on 2D spectroscopy) while the dashed lines denote the upper limits from 1D spectroscopy studies done by Riffel et al. (2013) .
to the interaction of a radio jet with the interstellar medium, or heating by X-rays from the central AGN (Maloney et al. 1996) . A non-thermal processes is UV fluorescence (Black & van Dishoeck 1987) where UV-photons with 912Å < λ < 1500Å are absorbed by the H 2 molecule in the Lyman-and Werner bands, exciting the next two electronic levels (B 1 Σ − X 1 Σ and
. With a probability of 90%, a decay into a bound but excited rovibrational level within the electronic ground level X 1 Σ will take place. By this mechanism, H 2 rovibrational levels will be populated, which could not be populated by collisions. Possible sources are OB stars or strong AGN continuum emission.
In theory, all of these excitation processes would produce different H 2 spectra such that they could be distinguished by diagnostic line ratios and line population diagrams (Davies et al. 2003 (Davies et al. , 2005 Rodríguez-Ardila et al. 2004 Riffel et al. 2013) . In practice, however, the different mechanisms usually occur together such that the H 2 spectra are mixed (e.g. Zuther et al. 2007; Mazzalay et al. 2013; Busch et al. 2015; Smajić et al. 2015) . But still, H 2 line ratios can help estimating the dominating excitation mechanisms or constraining the contributing fractions of different mechanisms: While the H 2 2-1 S(1)/H 2 1-0 S(1) ratio can be used to distinguish between thermal and non-thermal excitation (such as UV fluorescence), the H 2 1-0 S(2)/H 2 1-0 S(0) (but also other line ratios between rotational levels in the same vibrational transition, such as H 2 1-0 S(3)/H 2 1-0S (1)) to separate thermal UV, shocks, and X-ray excitation.
Furthermore, the rotational excitation temperature can be determined from two ortho/para lines that belong to the same vibrational level, e.g. H 2 1-0 S(0)/H 2 1-0 S(2), whereas the vibrational excitation temperature can be determined by connecting two transitions with same J but from consecutive v levels, e.g. (1) vs. 1-0S(2)/1-0S(1) (Mouri 1994) . The locations of the apertures are indicated. The location of thermal UV excitation (Sternberg & Dalgarno 1989 ) and non-thermal models (Black & van Dishoeck 1987) , as well as the thermal emission curve from 1000 K to 3000 K are plotted in gray. The X-ray heating models (Draine & Woods 1990 ) are marked by a yellow triangle, the shock-heating model (Brand et al. 1989 ) by a green circle.
H 2 2-1 S(1)/H 2 1-0 S(1):
The line ratios of the analysed spots are displayed in the H 2 excitation diagram in Fig. 16 . Furthermore, the vibrational and rotational excitation temperatures of the spots are denoted as upper x-axis and right-hand y-axis resp. We see that the rotational excitation temperature is in the range 1000 K < T rot < 1500 K for all spots. The vibrational temperature, however, reaches from values of T vib ≈ 2500 K up to values of T vib 4000 K. Therefore, we conclude that the spots are not in local thermal equilibrium and a significant contribution of non-thermal fluorescent excitation is very probable. However, we stress that the line ratios do not lie in the region of purely non-thermal excitation which speaks for a mixture of thermal and non-thermal contribution. The low H 2 1-0 S(2)/H 2 1-0 S(0) ratios together with rather high values of H 2 2-1 S(1)/H 2 1-0 S(1) (fluorescent excitation) that we find for the spots in the circumnuclear ring are typical for starforming galaxies. In the near-infrared diagnostic diagram (Sect. 4.3.1, Fig. 15 ), all spots cannot be explained by pure shocks but show a contribution of photoionisation by young stars. This is in particular the case for the spots in the circumnuclear ring. This is consistent with the finding that all spots show significant contribution of non-thermal excitation.
Mass of ionised and molecular hydrogen gas
The mass of hot molecular gas can be estimated from the extinction corrected flux of the H 2 1-0 S(1) λ2.12µm emission line as (e.g., Scoville et al. 1982 )
where D L is the luminosity distance of the galaxy and m p the proton mass. Furthermore, we need the population fraction of the upper energy level f v=1,J=3 and the Einstein coefficient A 1−0S(1) = 3.47 × 10 −7 s −1 (Turner et al. 1977 ) that is the probability that a particular transition from this level takes place. The population fraction depends strongly on the vibrational temperature of the system, with a dependency f v,J ∝ g J × exp E v,J /k B T . Most authors assume (1) a local thermal equilibrium (LTE, from which follows that the level population is only determined by the system temperature) and (2) a typical vibrational temperature of T vib = 2000 K. For this temperature the population fraction is f v=1,J=3 = 1.22 × 10 −2 . For better comparison, we will use this value and find the following relation between warm molecular gas mass and extinction corrected emission-line flux F 1−0S (1) :
where D L is the distance to the galaxy in Mpc (Scoville et al. 1982; Wolniewicz et al. 1998; Riffel et al. 2010) . As indicated before, the assumption of LTE might not always be justified. Furthermore, we see indications for a higher vibrational temperature. Therefore, we calculate the population fraction
for higher temperatures as well. We find that
0. This means that for temperatures higher than T = 2000 K, we would overestimate the gas mass. In general, the hot molecular gas, as traced by the nearinfrared H 2 emission lines, only represents the hot surface, and therefore a small fraction, of the total gas amount of the galaxy. A further difficulty is that the strength of the emission line does not only depend on the gas mass but also on the external energy source that is able to excite the ro-vibrational transitions (e.g. UV-photons from OB stars or shocks induced by supernovae or AGN outflows). Nevertheless, empirical relations between the near-infrared H 2 luminosities and CO luminosities (that are a common tracer of the total molecular gas mass) suggest that the luminosity of near-infrared H 2 lines can be used to estimate the cold gas mass. We will use the conversion factor M H 2 (cold) /M H 2 (warm) = (0.3 − 1.6) × 10 6 from Mazzalay et al. (2013) . Other consistent cold-to-warm H 2 gas mass conversion factors are 10 5 − 10 7 (Dale et al. 2005 ) and 2.5 × 10 6 (with a 1σ uncertainty of a factor of 2; Müller Sánchez et al. 2006) .
The mass of ionised hydrogen gas can be estimated from the measured and extinction corrected flux of hydrogen recombination lines such as Paα or Brγ. Assuming an electron temperature of T = 10 4 K and a density in the range 10 2 < n e < 10 4 cm −3 , we can calculate the ionised gas mass from the extinction corrected Paα and Brγ fluxes, f Paα and f Brγ by
where D is the luminosity distance to the galaxy and n e the electron density (see Busch et al. (2015) for details). Here, we use typical values of T = 10 4 K and n e = 10 2 cm −2 .
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Given the mentioned systematic uncertainties and difficulties with the gas mass estimates that are much higher than those arising from (emission line flux) measurements, we refrain from stating formal errors when calculating gas masses but point out that these are only order-of-magnitude estimates.
We estimate the gas masses by summing over the field-ofview (∼ 10 × 10 ). We estimate the average extinction in this FOV to be A V ≈ 2 mag. Applying this correction and using the H 2 λ2.12 µm emission line, we estimate a hot molecular gas mass of ∼ 730 M that corresponds to a cold molecular gas mass of ∼ (2−12)×10 8 M . This is in good agreement with the molecular gas mass of 4.2×10 8 M that Salak et al. (2014) derive from CO-measurements with ASTE and 2 × 10 8 M that Salak et al. (2016) derive from ALMA CO(1-0) measurements (in an aperture of < 250 pc corresponding to our field-of-view, however lower limit as it is not corrected for missing short baselines) 6 . Using the K-band emission-line Brγ, we estimate the ionised hydrogen mass M H ii ∼ 6.6 × 10 6 M . We see that the ionised hydrogen gas mass is ∼ 9000 times higher than the hot molecular gas mass. This is in agreement with typical ratios of 10 3 − 10 4 (Riffel et al. 2014, and references therein) . For the nuclear regions of nearby Seyfert galaxies, the AGNIFS group obtained hot molecular gas masses with a range of 10 1 < M H 2 < 10 3 M and ionised gas masses with a range of 10 4 < M H ii < 10 7 M (Riffel et al. 2015b , and references therein). For NUGA sources, cold molecular gas masses (derived from CO-emission) range from 10 8 − 10 10 M , with typical masses of the order of several 10 9 M (Moser et al. 2012 , and references therein), whereas lowluminosity QSOs at higher redshift (0.02 ≤ z ≤ 0.06) have systematically higher gas reservoirs (Busch et al. 2015; Moser et al. 2016 ). The nuclear region of NGC1808 lies in the first range and shows therefore a typical behaviour for local Seyfert galaxies. However, we stress that the derived gas masses can only be used as order-of-magnitude estimates and only the combination of near-infrared observations together with high-resolution submm interferometry (for example with ALMA) can provide a full view on the galactic centres and their warm and cold gas reservoirs.
We also measure the gas masses in the apertures. The masses are listed in Tables 1 and 2 . In addition, we also list the gas mass surface densities of the cold molecular gas. These densities will be compared with the star formation surface densities in Sect. 4.5.1 to determine the efficiency of the formation of new stars out of the available gas amount.
Star formation properties
One of the most striking features in the central region of NGC 1808 is the patchy circumnuclear ring that is commonly associated with a star forming ring (e.g. Krabbe et al. 1994; Kotilainen et al. 1996; Tacconi-Garman et al. 1996) . The positions in diagnostic diagrams strongly support this. In the near-infrared diagnostic diagram (Fig. 15) the spots in the ring show very low line ratios, indicating pure photoionisation which is indicative for star formation. In the H 2 excitation diagram (Fig. 16) , the spots show a significant contribution of non-thermal excitation, e.g. by UV fluorescence which is consistent with star forming clumps. Furthermore, we find a significantly lower stellar velocity dispersion in the region of the ring which is interpreted as due to the presence of younger stellar populations that have formed 6 We translated their measurements of 3.0×10 8 M and 1.4×10 8 M at a luminosity distance of 10.8 Mpc to our assumed distance of 12.8 Mpc out of cooled molecular gas and thus not dispersed into the surrounding region (Sect. 4.1).
Star formation rates and efficiency
In starburst events, a large number of stars, some of them hot and luminous O and B stars, are formed. These immediately start to photoionise the surrounding interstellar medium. This produces large nebular regions which can show strong nebular emission like the hydrogen recombination lines Hα, Hβ (in the optical), Paα, or Brγ (in the near-infrared). Also UV photons are absorbed by dust which is heated to 30-60 K and then reradiates the energy at wavelengths around 60 µm.
The star formation rate is a good estimator of the power of the starburst. It can be calculated from the luminosity of hydrogen recombination lines since they are proportional to the Lyman continuum which is proportional to the star-formation rate (SFR). Independent of the star formation history, only stars with masses 10 M and ages 20 Myr contribute to the ionising flux. Therefore, hydrogen recombination lines trace the instantaneous SFR (Kennicutt 1998a) . We derive the SFR with the calibration of Panuzzo et al. (2003) 7 :
In the apertures that are located in the star forming ring the star-formation rates range from 0.04 to 0.09 M yr −1 . In the nuclear aperture, we find a star-formation rate of ∼ 0.18 M yr −1 . All measurements are listed in Table 3 . Esquej et al. (2014) estimate the nuclear star-formation rate from the 11.3 µm PAH emission. In a slit with 0 . 35 width, they measure 0.21 M yr −1 . This is higher than the value that we measure in our larger 0 . 75 nuclear aperture. However, the PAH feature traces star formation integrated over a few tens of Myr, while we use hydrogen recombination lines to estimate the instantaneous star-formation rate. With this in mind, the star-formation rate estimates are consistent.
To better compare the values with other measurements, we divide by the area of the apertures, which have a radius of 0 . 75 ≈ 50 pc. The star formation surface density is then ranging from 5 to 13 M yr −1 kpc −2 in the ring and ∼ 28 M yr
in the nucleus. Typically, star formation surface density ranges from (1 − 50) M yr −1 kpc −2 on hundreds of parsec scales, from (50 − 500) M yr −1 kpc −2 on scales of tens of parsecs, and increases to up to some 1000 M yr −1 kpc −2 on parsec scales , and references therein). We conclude that the star-formation rates in the apertures are in a typical order of magnitude.
Another question is how efficient star formation, i.e. the transformation of gas into young stars, is. For this, we evaluate the location of our data in the Kennicutt-Schmidt law, which states that the star formation surface density scales with the local gas surface density as Σ SFR ∝ Σ gas n (Schmidt 1959; Kennicutt 1998b; Bigiel et al. 2008) . In Fig. 17 Fig. 17 . Kennicutt-Schmidt relation of star formation: relation between the gas surface density, Σ gas , and the star-formation surface density, Σ SFR . The black/grey data points are collected by Bigiel et al. (2008) . Our measurements for NGC1808 are inserted with big black (nucleus), blue (star-formation ring), red (region S), and green (regions between ring and nucleus) circles.
points collected by Bigiel et al. (2008) , together with the locations of our apertures. We see that the spots in the ring that show high star-formation rates are all in the Kennicutt-Schmidt relation. Some of them (particularly the spots R3-R6 with high SFR) at the upper end, which indicates high star-formation efficiency. The apertures R1, S, and the nuclear aperture N are located at the lower part of the relation, which indicates less efficient star formation. The apertures I1 and I2, between ring and nucleus, show even lower star formation efficiencies which indicates that they do not host starbursts but the starbursts are confined in the star formation ring and the nuclear starburst.
Star formation in the circumnuclear ring
While it is clear that a circumnuclear star forming ring provides the necessary gas reservoir for star formation, a further question is the sequence in which star formation is taking place. Böker et al. (2008) suggest two scenarios which they call "popcorn" and "Pearls on a string". In the first scenario, gravitational instabilities fragment the rings in the inner Lindblad resonance into several clouds. Starbursts will then occur whenever gas accretion leads to a critical density. The location of these starbursts is fully stochastic and therefore, no age gradient would be seen (Elmegreen 1994) . In the second scenario, star formation only occurs in (usually two, often located close to the point where the gas enters the ring) particular "overdensity regions". Then, the young clusters move along the ring, following the gas movement and meanwhile age, resulting in an age gradient along the ring (e.g. Falcón-Barroso et al. 2014; Väisänen et al. 2014) . While it is difficult to determine the absolute age of the young clusters, Böker et al. (2008) suggest a method to at least determine the relative age of the clusters in order to identify possible age gradients. Following their method, we created a falsecolour map, that shows the emission of He i in blue, Brγ in green, and [Fe ii] in red. The idea is that since He i has a higher ionisation potential than Brγ, it requires hotter and more massive stars than Brγ. He i will therefore be only visible in the very Fig. 18 . False-colour map of the emission line fluxes in NGC1808 following the method described in Böker et al. (2008) . The [Fe ii] emission is red, Brγ green, and He i blue. The youngest regions appear in blue, the oldest in red. The direction of the rotation is indicated by arrows, the overdensity region where a possible gas spiral hits the ring by a cross. The centre is red, indicating that it is dominated by supernova remnants as traced by [Fe ii] emission. In the ring, no clear age gradient is visible from the false-colour map.
early phase of an instantaneous starburst. [Fe ii] on the other hand traces supernovae which become dominant after ∼ 10 Myr when the most massive stars arrive at the end of their life time. Based on this argumentation, we can now identify an age sequence in the false-colour map, where blue traces the youngest clusters, green intermediate age, and red the oldest clusters. In Fig. 18 , we can indeed see that the clusters have different relative ages. In particular, the clusters in the south-east and south-west, which correspond to the apertures R4 and R6, show rather low ages, consistent with the NIR diagnostic diagrams (Figs. 15 and  16 ). The central aperture, however, is dominated by supernova remnants. This is in agreement with previous age estimates of the nuclear starburst that hint to an age of 10 7 Myr (Krabbe et al. 1994; Kotilainen et al. 1996) . Based on our data, we do not find evidence for an age gradient as predicted by the "Pearl on a string" scenario. A more likely scenario is that the clusters form at random positions in the circumnuclear gas ring and then drift away following the more circular orbits of the stellar velocity field (Galliano & Alloin 2008; Galliano et al. 2014) .
In the following, we want to get an estimate of the absolute age of the starbursts. We use Starburst99 (Leitherer et al. 1999; Vázquez & Leitherer 2005; Leitherer et al. 2010 Leitherer et al. , 2014 to predict parameters such as the equivalent width of Brγ for different star formation histories 8 . These can then be compared to observations, to determine the age of the circumnuclear star formation regions and constrain the star formation history (e.g. Davies et al. 2006 Davies et al. , 2007 Dors et al. 2008; Riffel et al. 2009; Levesque & Leitherer 2013; Busch et al. 2015) . In Fig. 19 , we show simulations of the equivalent width of Brγ and the supernova rate normalised by the K-band continuum luminosity. 8 We use an instantaneous starburst model with total stellar mass 10 6 M , a Kroupa IMF with two IMF intervals with α = 1.3 for the mass interval 0.1 < m < 0.5 and α = 2.3 for 0.5 < m < 100, and Geneva tracks, including AGB stars.
[Fe ii] is a coolant in supernova remnants but absent in pure H ii regions. Therefore, under the assumption that [Fe ii] is primarily excited by shocks caused by supernova explosions, the supernova rate can be estimated from the [Fe ii] luminosity. Forbes et al. (1992) argue that the radio hot spots in NGC 1808 can be solely explained by supernova remnants. In Fig. 4 , we show the [Fe ii] emission together with the radio contours. They coincide well which supports that both, [Fe ii] and radio emission, are indeed produced by the same mechanism, probably shocks due to supernovae. Furthermore, the radio spots coincide with mid-infrared hot spots which indicates that they are not isolated SNRs but associated with young star clusters (Galliano et al. 2005) . We thus use the [Fe ii] emission to estimate the supernova rate in the apertures, using the calibration of AlonsoHerrero et al. (2003):
Since both observables, Brγ equivalent width and supernova rate from [Fe ii], have to be normalised by the continuum luminosity, a proper estimation of the contribution due to the underlying (old) bulge population is crucial. Riffel et al. (2009) perform aperture photometry in the star formation regions and the neighbouring regions and find that the bulge contributes ∼ 50% to the total flux of the star formation regions. We lay slits through the star formation spots and inspect the light profiles. In a first-order approximation, we then subtract a linear function from the profiles to distinguish between the smooth distribution of the underlying old population and the additional contribution of the young stellar clusters to the continuum flux in the apertures. In spots R2, R3, and R4, we find bulge contributions of 75%, 80%, and 70% respectively. The observed equivalent widths have therefore to be increased by factors of 4, 5, and 3.3 respectively. In the other apertures, the contribution of the old population is 90%. Thus, we have to keep in mind that the equivalent widths might be underestimated by a factor of at least ten.
To estimate the age of the starbursts in R2, R3, and R4, we correct the Brγ equivalent width and normalised SNR in Table  3 and compare them to the Starburst99 predictions in Fig. 19 . Assuming an instantaneous starburst, the favoured models give starburst ages of the order of 6 Myr (R2), 5 Myr (R3), and 6-8 Myr (R4). This is in good consistency with the estimates from near-infrared data which result in an age range between 5 and 20 Myr (Krabbe et al. 1994; Tacconi-Garman et al. 1996; Kotilainen et al. 1996) and from mid-infrared data which result in an age range between 3 and 6 Myr (Galliano et al. 2005) .
The physical rotational velocity of the ring can be calculated from the observed velocity v obs at an angle θ in the plane of the ring by
where i is the inclination of 52
• . From the Brγ LOSV map (Fig. 10) , we estimate the rotation velocity to be v ring ≈ 170 − 180 km s −1 . With this velocity and the ring radius of r ≈ 190 pc at hand, we can calculate the travel time of a cloud in the ring to complete one orbit: 
Comparing the star cluster ages derived above with the travel time, we conclude that the clusters have travelled almost one complete orbit since formation. This is similar to the case of NGC 7552 (Brandl et al. 2012) .
Simulations by Seo & Kim (2013) show that the star formation rate could be decisive for the way star formation happens in circumnuclear rings: when the SFR is low, star formation mostly takes place in the contact points of the ring with the dust lanes, leading to an age gradient in the ring ("Pearls on a string"), while for high SFR, star formation is randomly distributed in the ring ("popcorn"). They find a critical SFR of ∼ 1 M yr −1 . This is supported by a Hα study of 22 circumnuclear rings (Mazzuca et al. 2008) . However, these authors find a higher critical SFR of ∼ 3 M yr −1 and a large spread in the SFR. Summing up the SFRs in the different apertures, we realise that the circumnuclear SFR in NGC 1808 is of the order of 1 M yr −1 , which is the suspected transition value between the two models.
4.6. Nuclear activity: Does NGC1808 host an AGN?
Many authors have followed the old classification of NGC1808 as AGN by Veron-Cetty & Veron (1985) which was based on the detection of two line systems with different widths. The one with the broader emission lines showed a flux ratio Hα/[N ii] = 0.94± 0.05 which is typical for Seyfert galaxies. More recent otpical spectroscopy is available from the survey S7 (Dopita et al. 2015) where the authors measure line ratios of log([O iii]/Hβ) = −0.58, log([N ii]/Hα) = −0.08, and log([S ii]/Hα) = −0.59 which are typical line ratios of H ii regions. In accordance with this, several other authors do not find evidence to justify the old classifaction as Seyfert-galaxy and state that the central activity can be explained by intense star formation alone which comes along with strong supernova remnants (e.g. Forbes et al. 1992 ) and a superwind (e.g. Phillips 1993). Krabbe et al. (2001) establish a midinfrared X-ray correlation and argue that the position of NGC 1808 in this diagram clearly indicates a pure starburst.
We analyse our emission-line measurements in the NIR diagnostic diagram in Fig. 15 and show that the nuclear aperture has line ratios typical for supernova dominated regions. The line ratios are close to the region of young star formation from which we conclude that there is no evidence for strong AGN activity and the nucleus shows characteristics of an aging starburst.
NGC 1808 was detected by XMM with a hard X-ray luminosity of L hardX−ray = 10 40.4 erg s −1 . If we supposed that the X-ray flux was produced by an AGN, we could calculate the AGN luminosity, resulting in L(AGN) = 10 41.2 erg s −1 (Brightman & Nandra 2011; Esquej et al. 2014 ). The Eddington ratio is defined by λ ≡ L(AGN)/L Edd with Eddington luminosity L Edd = 1.26 × 10 38 (M BH /M ) erg s −1 . The black hole mass is of the order of M BH ≈ 5 × 10 7 M (Sect. 4.1). With these values, the Eddington ratio is log(λ) = −4.4 which is the Eddington ratio of a low-luminosity AGN. We conclude that an AGN cannot be fully ruled out. However, if present it would be very weak. The dominating excitation mechanism in the centre is star formation and associated supernovae.
Conclusions and summary
We have analysed NIR IFS of the central kiloparsec of the galaxy NGC 1808 with the following results:
-We study the star formation history of the hotspots in the circumnuclear ring. We determine the ages to be 10 Myr. We also study the relative ages. We cannot find evidence for an age gradient that would be predicted in a "Pearls on a string" model. However, the travel time around the ring is Table 3 . Star formation rate (SFR) and SFR density, Brγ equivalent width, supernova rate (SNR) and SNR normalised by K-band continuum luminosity for all apertures. All apertures have a radius of 0 . 75 which corresponds to a physical area of 6800 pc 2 . comparable to the cluster ages which means that the clusters have already travelled a significant portion of the ring.
SFR
-In a field-of-view of 10 × 10 (which corresponds to ∼ 600 pc), we measure the H 2 λ2.12 µm line emission to estimate the molecular gas mass. For the hot molecular gas, we find a mass of ∼ 730 M which corresponds to a cold molecular gas mass of (2 − 12) × 10 8 M . From the Brγ line, we estimate an ionised gas mass of ∼ 6.6 × 10 6 M . All gas masses are typical for NUGA sources.
-From the M BH −σ * relation, we calculate a black hole mass of ∼ (1 − 5) × 10 7 M . Since NGC 1808 shows the signatures of a pseudobulge this should be interpreted as a rough estimate only.
-We fit the CO absorption band heads in the K-band to obtain the stellar velocity field. It shows an overall rotation. However an S-shaped zero-velocity line, a drop in the central velocity dispersion, and residual structures after subtracting a pure rotation model indicate the presence of a bar and probably a nuclear disc. -The gaseous kinematics also shows an overall rotation. However, the deviations from pure rotation are much larger than in the stellar velocity field. By subtracting the stellar velocity field from the gas velocity field, we find a residual structure in the central ∼ 100 pc that has the shape of a two-arm nuclear spiral and could indicate an inflowing streaming motion.
To summarise, we find a large gas reservoir and a disturbed gas velocity field, that even shows signs of inflowing motion to the inner tens of parsecs. However, we do not find indications for strong AGN activity (if AGN is present, its Eddington ratio is as low as log(η) −4.4). Instead the gas seems to be used up for star formation that is occuring in the circumnuclear ring and in the nuclear starburst. This shows that for the presence of an AGN, it is not enough to have gas and drive it to the centre. Furthermore it raises the question: What decides whether gas is used for AGN fuelling or star formation? Is there any sufficient condition for AGN activity? Upcoming ALMA observations with higher angular resolution will trace the cold gas mass and structure and will show whether they show similar inflowing streaming motions like the warm gas.
